Background
Introduction
The number of patients with chronic kidney disease (CKD) has shown a continuous increase and renal impairment increases the risk of death and cardiovascular diseases [1, 2] . Preventive measures for CKD have been promoted, including publication of the new Kidney Disease Improving Global Outcomes (KDIGO) CKD classification in 2011, in which it was proposed that the stage of renal function and level of proteinuria are predictive factors for subsequent renal function and prognosis, and that the risk is reflected by the color intensity in a heat map [3] . A faster rate of decline of renal function may cause death and has an increased risk of cardiovascular diseases [4] [5] [6] [7] . This rate of decline may be a predictive factor [8] and has also been used as a criterion for evaluating the efficacy of renoprotective agents. In addition to increases in the serum creatinine level of 1.5-and 2-fold, a 40% or 30% decline in the estimated glomerular filtration rate (eGFR) from baseline have recently been proposed as new surrogate endpoints [9] [10] [11] .
Renal impairment occurs with age. Therefore, both disease and aging affect renal function and it is useful to understand the change of renal function in aging process [12, 13] . In a crosssectional study in Japan, Okada et al. used the age-and gender-specific 5th and 95th percentiles for eGFR in healthy subjects to define the range of prediabetes mellitus and prehypertension [14] . In a longitudinal study, Imai et al. examined eGFR decline in healthy subjects and patients with hypertension and/or proteinuria [15] . However, the detailed eGFR distribution and rate of eGFR decline in healthy subjects have yet to be clarified.
The current work includes a cross-sectional study to determine reference values for eGFR stratified by gender and age group; and a longitudinal study of reference values for eGFR decline rate stratified by gender, age and renal stage in healthy subjects using a large Japanese cohort. Factors related to the rate of eGFR decline were also examined.
Flow Diagram
The goal of the study was to evaluate renal function in healthy Japanese subjects, and therefore the following individuals were excluded: 1) non-Japanese people identified by nationality and name; 2) those who were on dialysis or had undergone renal transplantation or nephrectomy (including lateral nephrectomy, donor nephrectomy, and partial nephrectomy), or those with a history of renal hypoplasia confirmed in medical records or abdominal echo findings at medical checkup; 3) those with the diseases listed in Table 1 ; 4) those with gait disturbance (who used crutches, a wheelchair, or a walking device due to neurological, muscular, or bone lesions), severe visual impairment, or severe cognitive impairment; 5) those diagnosed with hyperthyroidism (TSH 0.1 μU/ml and fT4 >1.64 ng/dl) or hypothyroidism (TSH 6.0 μU/ml and fT4 <1.00 ng/dl) based on blood tests at the medical checkup; 6) those with diabetes mellitus Flow diagram of healthy subjects. Persons without any diseases were defined as healthy subjects. There were 72,521 subjects in the cross-sectional study. In the longitudinal study, eGFR decline rate was evaluated in 45,586 subjects and relationships between eGFR decline rate and 15 baseline factors were evaluated in 43,438 subjects. § After the second medical checkup, there was no subject who received renal transplantation. All data corresponding to the particular medical checkup were excluded for subjects diagnosed with hyperthyroidism or hypothyroidism based on blood tests or those without urinalysis or blood pressure measurements in a second or later medical checkup, and *the numbers of subjects for whom data were not included in each checkup were 567 (2 or impaired glucose tolerance (receiving drug therapy based on interview, HbA1c (Japan Diabetes Society) 6.1%, or fasting blood glucose 126 mg/dl in blood tests at the medical checkup); 7) those diagnosed with hypertension (receiving drug therapy based on interview, systolic blood pressure (SBP) 140 mmHg, or diastolic blood pressure (DBP) 90 mmHg at the medical checkup); 8) those diagnosed with renal diseases (under treatment for or a history of nephritis, nephrotic syndrome, or chronic renal failure based on interview, or urinary protein of 1+ and higher at the medical checkup); 9) those diagnosed with cardiovascular or cerebrovascular diseases (under treatment for or a history of angina, myocardial infarction, aortic aneurysm, cerebral infarction, intracerebral hemorrhage, or subarachnoid hemorrhage based on interview); and 10) those without data for urinalysis or BP (if not already excluded in items 1) to 9)).
The candidates were judged based on exclusion criteria 1) to 10) and registered as subjects of the cross-sectional study. The same subjects were candidates for the longitudinal study, but this study required serial data. Therefore, subjects with the following conditions were excluded: 11) those with only one serum creatinine value and 12) those with a history of dialysis or after renal transplantation or nephrectomy (including lateral nephrectomy, donor nephrectomy, and partial nephrectomy) that was newly revealed by medical records or abdominal echo findings at a second or later medical checkup. In the case of the following conditions, all data corresponding to the particular medical checkup were excluded for the subject: 13) hyperthyroidism (TSH 0.1 μU/ml and fT4 >1.64 ng/dl) or hypothyroidism (TSH 6.0 μU/ml and fT4 <1.00 ng/dl) based on blood tests at a second or later medical checkup, and 14) no data for urinalysis or BP. After examining the candidates for the longitudinal study based on criteria 1) to 14), those with only one serum creatinine value were excluded. Active hyperthyroidism decreases the creatinine level, active hypothyroidism increases this level, and creatinine returns to the original level as the hormone level returns to the normal range [17, 18] . Thus, patients with active hyperthyroidism or hypothyroidism were excluded due to the transient variation of creatinine.
Estimation of eGFR
After an overnight fast, subjects received a medical checkup in the morning. Blood tests were performed in the Laboratory of the Center for Preventive Medicine, St. Luke's Affiliated Clinic, on the day of the medical checkup. Serum creatinine was measured with an enzymatic method on an autoanalyzer (Bio Majesty JCA-BM, Jeol Ltd. Tokyo, Japan), which data were rounded to the second decimal point. eGFR was calculated using the 3-variable Japanese equation [19] : eGFR (ml/min/1. 
Statistical Analysis
The cross-sectional study was performed using data from the first medical checkup. Reference values for eGFR (mean and 2.5th, 5th, 25th, 50th, 75th, 95th, and 97.5th percentiles) stratified by gender and age in 5-year increments were evaluated using a nonparametric method [16] .
The change in eGFR with older age (herein defined as the "generation change") was calculated as the coefficient of the fitted line estimated for the relationship between eGFR and age by linear least-squares regression analysis. The rate of eGFR decline was determined in units of "ml/min/1.73m 2 /year" (rate defined as the "slope") and "%/year" (rate defined as the "%slope"). In the longitudinal study 1, the individual rate of eGFR decline (i.e. the slope; ml/min/1.73m 2 /year) was calculated using a mixed model analysis in which random-intercept and random-slope were fitted. In this analysis, the dependent variable was eGFR, the independent variable was days after the first visit, and then the slope was obtained by multiplying 365.25. In the longitudinal study 2, the individual slope was divided by the individual eGFR at baseline and this value was defined as the %slope ([ml/min/1.73m 2 /year] / [intercept of eGFR] ×100 in unit of %/year). The individual slope and the individual %slope were stratified by gender, age group and renal stage, and the means of the slope and the %slope were calculated in each stratified component. To minimize the effect of a "regression to the mean", the individual intercept of eGFR was used as the baseline eGFR when the individual slope (longitudinal study 1) and the individual %slope (longitudinal study 2) were stratified to the renal stage. Renal function was classified into KDIGO stages G1 to G3b. Since the study included healthy subjects with generally higher eGFR, stages G1 and G2 were divided into 2 categories by 15 ml/min/1.73m 2 . There were no subjects in stages G4 and G5 in the study. In the longitudinal study 3, the Relationships of eGFR decline rate with 15 factors at baseline (intercept of eGFR, age, gender, urinary protein by dipstick test, serum uric acid, HbA1c, fasting blood glucose, SBP, serum phosphorus, serum calcium, HDL-cholesterol, non-HDL-cholesterol, triglycerides (TG), BMI, and smoking status) was evaluated using a linear least-squares regression analysis. Subjects who lacked any of these data were excluded, and the number of subjects in this analysis decreased from 45,586 to 43,438. There were high correlations between SBP and DBP, non-HDL-and total cholesterol, and non-HDL-and LDL-cholesterol (correlation coefficients of 0.86, 0.90, and 0.94, respectively), and thus SBP and non-HDL-cholesterol were selected as factors because these parameters are most frequently used in clinical settings. Log-transformed TG was used because the distribution of this data was skewed. P<0.0033 (0.05/15 = 0.0033) using the Bonferroni correction was considered to be significant. STATA software (ver. 13.1) was used for the analysis.
Graph of the Slope of eGFR Decline (Simulated Change of eGFR)
The slope of the rate of eGFR decline was depicted as the inclination of each line and the trajectory of renal function was predicted by simulation [15] . Each long line of the graph was not an individual's trajectory, but a connected trajectory using the mean slope of eGFR decline in stratified component.
Results

Characteristics
There were 72,521 subjects in the cross-sectional study and 45,586 subjects in the longitudinal study. Characteristics in the longitudinal study were based on laboratory data at baseline ( Table 2 ). The intercept of eGFR was used as the baseline value of eGFR. The mean (±SD) ages of the subjects in the cross-sectional and longitudinal studies were 42.8±10.4 and 43.9±10.2 years, respectively, and the ratios of men to women were 47% and 48%, respectively. The mean (±SD) eGFR was 83.7±14.7 ml/min/1.73m 2 in the cross-sectional study and the mean (±SD)
baseline eGFR was 81.5±11.6 ml/min/1.73m 2 in the longitudinal study. Other parameters were within normal ranges. Creatinine was measured once in the cross-sectional study and 2 to 18 times in a row in the longitudinal study, with a median of 4 times for men and women (S1 
Reference Values for eGFR by Gender and Age (Cross-Sectional Study)
Reference values were obtained for eGFR stratified by gender and age (mean and 2.5th, 5th, 25th, 50th, 75th, 95th, and 97.5th percentiles; Fig 2 and S1 Table) . Values for eGFR decreased with older age in both genders. The generation changes were -0.51 ml/min/1.73m 2 /year in all subjects, -0.46 ml/min/1.73m 2 /year in men and -0.54 ml/min/1.73m 2 /year in women (S3 Fig) .
The 2.5th percentiles of eGFR at age 50 years old were 56 (in men) and 57 (in women), and 5th percentiles were 59 ml/min/1.73m 2 in both genders (Fig 2 and S1 Table) .
Reference Values for the Slope of eGFR Decline by Gender, Age, and Renal Stage (Longitudinal Study 1)
Reference values for the slope of eGFR decline stratified by gender, age, and renal stage were determined in the longitudinal study 1 (Tables 3 and 4 ). In the same renal stage, there was little difference in the slope of eGFR decline at different ages. For example, in men (Table 3) , the slope ranged from -1.02 to -1.12 ml/min/1.73m 2 /year and the mean slope was -1.06 ml/min/1.73m 2 / year for baseline eGFR 75 to 89 ml/min/1.73m 2 . A similar tendency was seen in women (Table 4) . In contrast, in the same age group, the slope was steeper when baseline eGFR was higher (i.e. better renal function) and shallower when baseline eGFR was lower (i.e. renal stage changed from G1 to G3b). For example, in men aged 40 to 44 years (Table 3) , the slopes were -1.81 (eGFR 105), -1.44 (eGFR 90-104), -1.07 (eGFR 75-89), -0.78 (eGFR 60-74), and -0.46 ml/min/1.73m 2 /year (eGFR 45-59). The same tendency was observed in each age group in men and women (Table 3 and Table 4 ). With stratification by gender and age, but not by renal stage, the slope of the eGFR decline appeared to be shallower with aging. For example, in men (Table 3) , the slope ranged from -1.38 (age 18-24) to -0.83 ml/min/1.73m 2 /year (age 75) for baseline eGFR of 30. This may have been influenced by lowering of the mean eGFR with aging (93.67 at age 18-24 to 66.46 ml/min/1.73m 2 at age 75), as also seen in women (Table 4) Tables 3 and 4 was plotted on the y-axis, and age group and renal stage were plotted on the x-axis (Fig 3) . With stratification by renal stage and gender, all lines ran almost parallel with the x-axis for age group (Fig 3, left side) . Thus, there was little difference in the slope of eGFR decline within the same renal stage at all ages. In contrast, with stratification by age group and gender, all lines almost overlapped (Fig 3,  right side) , indicating that the influence of renal stage on the slope was greater than that of age. Furthermore, the slope was steeper in subjects with better renal function and became shallower as the renal stage advanced (Fig 3) .
The slope of eGFR decline was also graphed as the inclination of each line and the trajectory of renal function was predicted by simulation (Fig 4) . The shape of the graph was gently convex downward, which matched the tendency for a steeper slope in subjects with higher baseline eGFR and a shallower slope in those with lower baseline eGFR.
Reference Values for the %slope of eGFR Decline by Gender, Age, and Renal Stage (Longitudinal Study 2)
Reference values were obtained for the %slope of eGFR decline stratified by gender, age, and renal stage in the longitudinal study 2 (S4 Table and S5 Table) . Similarly to the slope of eGFR decline, there was little difference in the %slope for different age groups in the same renal stage baseline eGFRs was smaller than that of the slope. To present the distribution of the %slope in each component, the mean %slope±2SD are shown in S4 and S5 Tables. The means (±SD) for the %slope were -1.29±0.41%/year in all subjects, -1.26±0.39%/year in men, and -1.32±0.42%/ year in women. An examination of relationships between eGFR decline rate and 15 factors at baseline gave similar results for slope and %slope (Table 5 ). The slope of eGFR decline was significantly associated with 9 factors: intercept of eGFR, age, gender, urinary protein (15mg/dl; ±), HbA1c, phosphorus, HDL-cholesterol, non-HDL-cholesterol, and BMI (all p<0.0033). The %slope of eGFR decline was significantly associated with 9 factors: intercept of eGFR, age, gender, urinary protein (15mg/dl; ±), uric acid, HbA1c, phosphorus, HDL-cholesterol, and non-HDL-cholesterol (all p<0.0033). Of these factors, the rate of eGFR decline became faster as intercept of eGFR, age, and non-HDL-cholesterol became higher; and became slower as HbA1c, phosphorus, and HDL-cholesterol became higher. The rate of eGFR decline was slower in men than in women, and was also slower in subjects with urinary protein (±) compared to those with Tables 3 and 4 is plotted on the y-axis, and age group and renal stage are plotted on the x-axis. When the slope was stratified by renal stage and gender, all lines ran almost parallel with the x-axis showing age group (left side).When the slope was stratified by age group and gender, all lines almost overlapped (right side). There was little difference in slope within the same renal stage regardless of age, whereas the slope changed depending on the renal stage. The slope was steeper when baseline eGFR was higher (i.e. better renal function) and shallower when baseline eGFR was lower (i.e. renal stage changed from G1 to G3b).
doi:10.1371/journal.pone.0129036.g003
Longitudinal Study of eGFR Decline urinary protein (-). The slope of eGFR decline became faster as BMI became higher, and the % slope of eGFR decline became slower as uric acid became higher. The standardized coefficient indicated that eGFR at baseline was the strongest predictor of a future eGFR decline (slope; -0.70, %slope; -0.41).
Discussion
Our longitudinal study revealed for the first time that eGFR decline rate in healthy subjects depended mainly on eGFR at baseline, but not on age. Namely, the rate of eGFR decline was similar in younger and older subjects with similar baseline eGFR values. In other words, the rate of eGFR decline was faster with a higher baseline eGFR and slower with a lower baseline eGFR. In this study all subjects were healthy at baseline, and the longitudinal study indicated the natural course of eGFR decline in healthy people using a large cohort in Japan. These results suggest that healthy subjects are unlikely to progress to the advanced renal stage, such as stages G4 and G5. The reason why the rate of eGFR decline was slower with a lower baseline eGFR is unclear, but a compensatory mechanism might work as kidney function decreases. In men and women aged 50 years old and over in the cross-sectional study, the 5th percentile of eGFR was <60 ml/min/1.73m 2 , which indicated that 5% of healthy subjects aged 50 years old have CKD of stage G3a. If the eGFR of the healthy people between the 2.5th and 97.5th percentiles in our cross-sectional study is considered to be normal, the cutoff value of eGFR at age 50 to 54 years old would be 56 (in men) and 57 ml/min/1.73m 2 (in women) (S1 Table) . Moreover, our longitudinal study suggests that an eGFR decline rate within the mean ±2SD may reflect a process of natural aging in healthy subjects.
The results in our cross-sectional study were similar to those in previous studies of healthy subjects. Wetzel et al. found similar reference values in a population-based prospective crosssectional study [20, 21] and Okada et al. reported 5th and 95th percentiles of eGFR with almost the same values as those in our study [14] . Approximately similar generation changes of -0.51 Longitudinal Study of eGFR Decline and -0.4 ml/min/1.73m 2 /year were found in the current study and by Wetzel et al. [20] , respectively. Our longitudinal study, however, presented a different finding from previous studies. Lindeman et al. [22] studied the natural rate of eGFR decline in healthy subjects with normal renal function and found that the rate became faster with aging. Imai et al. [15] also found that eGFR decline was faster in older subjects with a lower eGFR in an annual health examination. In contrast, we found that the decline rate became slower with aging, since the baseline eGFR was lower in older subjects. Lindeman et al. [22] included patients with diabetes mellitus, as long as they did not have proteinuria; and Imai et al. [15] included patients with hypertension and/or proteinuria of (1+) and over. In our study, however, we carefully excluded subjects with any abnormal conditions, including diabetes mellitus, hypertension and proteinuria. This may Note: P<0.0033 (0.05/15 = 0.0033) using the Bonferroni correction was considered to be significant. *The distribution of triglycerides is skewed, and thus the values were log-transformed.
doi:10.1371/journal.pone.0129036.t005
Longitudinal Study of eGFR Decline explain the different findings, since the rate of eGFR decline in patients has been reported to be faster than that in healthy subjects. The decline rate in patients with normoalbuminuric type 2 diabetes mellitus with hyperfiltration is significantly faster than that in nondiabetic individuals and became much faster in the later follow-up period [23] . The decline rate in normoalbuminuric type 2 diabetes patients who developed microalbuminuria in the follow-up period was also faster than that in nondiabetic individuals [24] . In the modification of diet in renal disease study [25] , the median decline was -3.8 ml/min/year for GFR of 25 to 55 ml/min/1.73m 2 ; however, in our study in healthy subjects eGFR decline rate was much slower with values of -0.52 and -0.53 ml/min/1.73m 2 /year in stage G3a in men and women, respectively. The generation change in the cross-sectional study and the eGFR decline rate in the longitudinal study are different. The cross-sectional study presents the distribution of the initial eGFR of healthy subjects according to the age and depends on the composition of the participants, which may bias the results. In contrast, the longitudinal data represent the trajectory of renal function of each subject and give a true decline rate.
To minimize the effect of a "regression to the mean" in the longitudinal study, the individual intercept of eGFR was used instead of the value of the first eGFR measurement. Furthermore, serial data (2-18 times; median of 4 times, and mean periods of 4.19±2.45 years for men and 4.35±2.47 years for women) were used to calculate the eGFR decline rate using a mixed model analysis. In addition, the sensitivity analyses were performed to investigate the effect of the "regression to the mean". The individual slope of eGFR decline was recalculated separately in subjects who had only two eGFR measurements (median of 2 times, and mean periods of 1.75 ±1.37 years for men and 1.79±1.34 years for women) and in those who had 5-18 eGFR measurements (median of 7 times, and mean periods of 6.42±1.51 years for men and 6.54±1.46 years for women) using a mixed model analysis (S6-S9 Tables and S5 Fig) . Similarly, the individual slope of eGFR decline was recalculated separately in subjects with a shorter follow-up period (2 years; median of 2 measurements, and mean periods of 1.31±0.44 years for men and 1.29±0.41 years for women) and in those with a longer follow-up period (4 years; median of 7 measurements, and mean periods of 6.42±1.40 years for men and 6.50±1.38 years for women) (S10-S13 Tables and S6 Fig) . In subjects with 2 measurements or with a shorter follow-up period (2 years), the SD of the slope was greater especially for the higher intercept of eGFR, and the difference between the slope of stage G1 and that of stage G3a was also greater. Therefore, the "regression to the mean" did seem to have affected the results. However, after the exclusion of subjects with fewer frequency measurements or a shorter follow-up period, the rate of eGFR decline still showed a faster decline with a higher baseline eGFR and a slower decline with a lower baseline eGFR. Additionally, the difference between the rate in subjects with 5 measurements (5-18 times; S7 and S9 Tables) and that in all healthy subjects (2-18 times; Table 3 and Table 4 ) was small, and the difference between the rate in subjects with a longer follow-up period (4 years; S11 and S13 Tables) and that in all healthy subjects (2-18 times; Table 3 and Table 4 ) was also small. Thus we concluded that the "regression to the mean" effect did not cause the tendency in the decline rate and we came to the same conclusion that the rate of eGFR decline was faster with a higher baseline eGFR and slower with a lower baseline eGFR.
There are some limitations in this study. The study was retrospective and the eGFR distribution and rate of decline in healthy subjects should be clarified in a prospective study. The whole study is based on a Japanese population mainly from the Kanto area, where one-third of Japanese people reside. It remains to be determined if the conclusion is applicable to other districts or countries. There were only a small number of subjects with baseline eGFR 105 ml/min/ 1.73m 2 , especially in those aged 60 years old, and thus the eGFR decline rate in the higher eGFR group (eGFR 105 ml/min/1.73m 2 ) may be less reliable. The number of subjects aged 70 years old in each stage was small, which made it difficult to evaluate the results in elderly people. The number of subjects with stage G3b was even smaller (n = 2 in men, and n = 1 in women), and there were no subjects with stages G4 and G5 in the study. Therefore, eGFR decline could not be evaluated in stages G3b, G4, and G5. In addition, the reason why the eGFR decline rate was slower with a lower baseline eGFR is unclear and further studies are needed to clarify the underlying mechanisms.
Conclusions
To the best of our knowledge, this is the first study to determine reference values for the rate of eGFR decline stratified by gender, age, and renal stage in healthy subjects. The rate of eGFR decline depended mainly on baseline eGFR, but not on age. A higher baseline eGFR (better renal function) was related to a faster rate of eGFR decline, and lower baseline eGFR was associated with slower eGFR decline.
Supporting Information The mean %slope in each stratified component by gender, age and renal stage is plotted on the y-axis, and the age group and renal stage are plotted on the x-axis. When the %slope was stratified by renal stage and gender, all lines ran almost parallel with the x-axis for age group (left side).When the %slope was stratified by age group and gender, all lines almost overlapped (right side). Similarly to the slope of eGFR decline, there was little difference in the %slope within the same renal stage regardless of age. The %slope was steeper when the baseline eGFR was higher (i.e. better renal function) and became shallower when baseline eGFR was lower (i.e. advanced renal stage). (TIF) S5 Fig. Total visits and interval between the first and last visits of subjects with 2 and 5-18 measurements in the longitudinal study. In subjects with fewer measurements (2), the median was 2 times for both genders, and the mean intervals from the first to the last visit were 1.75 ± 1.37 years for men and 1.79 ± 1.34 years for women. For those with more measurements (5-18), the median was 7 times for both genders, and the mean intervals were 6.42 ± 1.51 years for men and 6.54 ± 1.46 years for women. (TIF) S6 Fig. Total visits and interval between the first and last visits of subjects with shorter (2 years) and longer (4 years) follow-up periods in the longitudinal study. In subjects with a shorter follow-up period (2 years), the median was 2 measurements for both genders, and the mean intervals from the first to the last visit were 1.31 ± 0.44 years for men and 1.29 ± 0.41 years for women. For those with a longer follow-up period (4 years), the median was 7 measurements for both genders, and the mean intervals were 6.42 ± 1.40 years for men and 6.50 ± 1.38 years for women. (TIF) S1 Table. Reference values of eGFR per 5-year age group for healthy men and women in the cross-sectional study. Note: P2.5, P5, P25, P50, P75, P95, and P97.5 are the 2.5th, 5th, 25th, 50th, 75th, 95th and 97.5th percentiles of the reference value of eGFR, respectively. (XLSX) S2 Tables 3 and 4 . The mean (±SD) for intercept of eGFR was 82.5±11.9 ml/min/1.73m 2 in women with a longer follow-up period (4 years).
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